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A 

FIELD OF THE INVENTION 
The present invention relates generally to an improved system 
for carrying out and managing animal feedlot operations including 
a computer-network in which discretion and direct control over the 
various suboperations of the feed ration assignment and delivery 
process are distributed among the individual operators in the sys- 
tem while the feedlot manager is capable of indirectly monitoring 
the performance of the various suboperations through use of a 
satellite based global positioning system. 
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BACKGROUND 

In modern times, commercial feedlots are used extensively to 
feed thousands of head of cattle or other animals at various stages 
of growth. The major reason for using an animal feedlot rather 
than the "open range" to feed cattle, is to expedite the cattle 
growth process and thus be able to bring cattle to the market in a 
shorter time period. 

Within an animal feedlot , cattle are physically contained in 
cattle pens, each of which has a feedbunk to receive feed. Owner- 
ship of cattle in the feedlot is defined by unique lot numbers 
associated with the group (s) of cattle in each pen. The number of 
cattle in an owner's lot can vary and may occupy a fraction of or 
one or more cattle pens. Within a particular pen, cattle are fed 
the same feed ration, (i.e. the same type and quantity of feed). 
In order to accommodate cattle at various stages of growth or which 
require special feeding because they are sick, undernourished or 
the like, the feedlot comprises a large number of pens. 

Generally, feeding cattle in a feedlot involves checking daily 
each pen to determine the ration quantity to be fed to the cattle 
therein at each particular feeding cycle during that day, the con- 
dition of the cattle, and the condition of the pen. At a feedmill, 
feed trucks are then loaded with appropriate quantities of feed for 
delivery during a particular feeding cycle. Thereafter, the loaded 
feed trucks are driven to the feedbunks and the assigned ration 
quantity for each pen is dispensed in its feedbunk. The above 
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process is then repeated for each designated feeding cycle. Owing 
to the large number of feed ration quantities assigned for delivery 
each day in the feedlot, feeding animals in a large feedlot has 
become an enormously complex and time-consuming process. 

It is well known in the art to use computers to simplify 
feedlot management operations. In their 1984 PC World article 
"Computers Ride The Range", Eric Brown and John Faulkner explain 
that large feedlots were the first cattle operations to utilize 
computers in order to simplify calculations on feed, cattle move- 
ments, payroll and accounting, invoicing and least-cost feed blend- 
ing. From such calculations, market projections, "break-even 
prices" on any given head of cattle, and analyzable historical 
records can be easily created while permitting feedlot managers to 
keep track of virtually all overhead costs, from labor and equip- 
ment costs, down to the last bushel of corn or gram of micro- 
nutrients. Computer systems of the above type are generally 
described in the articles: "Homestead Management Systems' Feedlot 
Planner and Hay Planner" by Wayne Forest, published on pages 40-44 
of the September 1985 issue of Agricomp magazine; and "Rations and 
Feedlot Monitoring" by Carl Alexander, published on pages 107-112 
of Computer Applications in Feeding and Management of Animals, 
November 1984. The use of computer systems to simulate and thus 
predict the growth process of cattle in a feedlot is disclosed in 
the article "OSU Feedlot (Fortran)" by Donald R. Gill, on pages 93- 
106 of Computer Applications in Feeding and Management of Animals, 
supra . 
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It is also well known to use portable computing equipment in 
order to facilitate the assignment and delivery of feed rations in 
a feedlot. For example, U.S. Patent No. 5,008,821 to Pratt et al. 
discloses one prior art system in which portable computers are used 
in feed ration assignment and delivery operations. However, while 
this prior art computer system seeks to substantially eliminate the 
need for handwritten notes and feed cards through the use of 
portable computers during the feed ration assignment and delivery 
process, it suffers from a number of shortcomings and drawbacks. 
Specifically, this prior art system and method requires that the 
feedbunk reader assign particular feedtrucks and drivers to deliver 
specified loads of feed to specified sequences of pens along a 
prioritized feed route during each physical feeding cycle. Thus, 
the amount of feed to be loaded onto each assigned feed truck must 
be predetermined by the feedbunk reader in advance of commencing 
feed delivery operations. Consequently, this prior art method of 
feed ration assignment and delivery requires the feedbunk reader 
and his computer (i) be physically present at the feedmill during 
feed truck loading operations, or (ii) to produce load printouts 
(e.g. cards) prior to commencing feed ration delivery operations. 

In short, by directly controlling the "feed load" assignment 
process in prior art systems, the feedbunk reader has been unneces- 
sarily constrained within the feedlot, and consequently, prevented 
from performing tasks more suitable to his knowledge and skill such 
as, for example, determining the type and quantity of ration to be 
fed to animals, determining the condition of cattle and pens, and 



the like. 

Thus, there is a great need in the feedlot management art for 
an improved system and method for assigning and delivering feed 
rations to animals in a feedlot. 

OBJECTS AND SUMMARY OF PRESENT INVENTION 
Accordingly, it is a primary object of the present invention 
to provide a computer-assisted method and apparatus for feeding 
animals in a feedlot in a manner which overcomes the problems 
associated with prior art systems and methodologies. 

It is a further object of the present invention to provide 
such apparatus in the form of a computer network which liberates 
the feedbunk reader from specifying feed load assignments, without 
surrendering supervisory control over the quality of performance 
exercised in delivering assigned feed rations to animal pens in the 
feedlot. 

A further object of the present invention is to provide an 
apparatus in the form of a computer network which coordinates an 
animal feedlot operations and management system, wherein each 
feedlot vehicle employed therein has an on-bdard computer system 
which uses coordinate acquisition techniques supported by global 
(satellite-based) positioning system (GPS) in order to carry out 
and manage animal feedlot operations. 

A further object of the present invention is to provide such 
a computer network having a plurality of computer systems, linked 
together in a telecommunication network, wherein a VR subsystem 
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aboard each feedlot vehicle has access to a 3-D virtual reality 
modelling language (VRML) database containing a VR model of the 
feedlot which accurately reflects the position and orientation of 
the feedlot vehicle as it is navigated through the feedlot in 
either its manned or unmanned mode of navigation. 

It is a further object of the present invention to provide a 
computer-assisted method of assigning and delivering feed rations 
in a feedlot, in which feed load assignments to feed delivery 
vehicles are determined at the feedmill in a manner independent of 
the feedbunk reader and feedlot manager, wherein each feedlot 
vehicle employed therein has an on-board computer system which uses 
real-time virtual reality (VR) modelling (e.g. 3-D. geometrical) and 
coordinate acquisition techniques, supported on an Internet-based 
digital communications platform, in order to carry out and manage 
animal feedlot operations • These and other objects of the present 
invention will become apparent after having the benefit of this 
disclosure. 

The present invention is a feedlot computer network installa- 
tion for managing feedlot operations within a feedlot having a 
plurality of animal pens each having a feedbunk and containing one 
or more animals for feeding and health maintenance, the feedlot 
computer network installation comprising a feedbunk reading com- 
puter system, installed onboard a feedbunk reading vehicle trans- 
portable to each the animal pen in the feedlot, the feedbunk read- 
ing computer system including, means for receiving, storing and 
displaying the animal health data and feed ration dispensed data. 
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The feedlot computer network installation further comprises a 
means for producing, storing and displaying feed ration delivery 
data, the feed ration delivery data specifying the assigned amount 
of feed ration to be delivered to the feedbunks associated with a 
plurality of animal pens along a feeding route during a specified 
number of feeding cycles to be executed within a predetermined time 
period, and the feed ration dispensed data indicating the actual 
amount of feed ration delivered to the feedbunks of the animal pens 
during each the specified feeding cycle, and a plurality of feed 
delivery vehicles each having a computer system, each the feed 
delivery vehicle computer system being installed onboard each the 
feed delivery vehicle and transportable to each the animal pen in 
the feedlot and having storage means for storing an assigned feed 
load, and feed metering means for metering the actual amount of 
feed ration delivered to the feedbunks associated with the speci- 
fied sequence of animal pens, and data producing means for prod- 
ucing the feed ration dispensed data indicative of the actual 
amount of feed ration delivered to the feedbunks, each the feed 
delivery vehicle computer system being operatable by a feed deliv- 
ery vehicle operator assigned to the feed delivery vehicle and 
having means for receiving, storing and displaying the feed ration 
delivery data provided from the feedbunk reading computer system, 
and means for receiving the feed ration dispensed data produced 
from the metering means aboard the feed delivery vehicle. 

The feedlot computer network installation further comprises a 
feedmill computer system, installed at a feedmill in the feedlot 




and having means for receiving, storing and displaying the feed 
ration delivery data produced from the feedbunk reading computer 
system, and a feedlot management computer system, installed aboard 
a feed-lot management vehicle team, for receiving, storing and dis- 
playing the feed ration delivery data, the feed ration dispensed 
data and the animal health data, for use by a feedlot manager of 
the feedlot. The feedlot computer network installation further 
comprises a digital data communications system integrated with the 
feedlot computer network, for transferring digital data files among 
the feedbunk reading computer system, the feedmill computer system, 
the plurality of feed delivery vehicle computer systems, the feed- 
lot management computer system and the feedmill computer system, 
wherein the digital data file contain the feed ration delivery 
data, the animal health data and the feed ration dispensed data; 
and a database for maintaining information represientative of a 
model of the feedlot and objects contained therein, wherein each 
the computer system installed on-board each, the plurality of feed 
delivery vehicles, includes a subsystem for viewing an aspect of 
the model maintained in the database, vehicle information acquisi- 
tion means for acquiring vehicle information regarding (i) the 
position of the feed delivery vehicle relative to a first pre- 
specified coordinate reference frame, and/or (ii) the state of 
operation of the feed delivery vehicle, and information transmis- 
sion means for transmitting the vehicle information to the data- 
base to specify in the position and/or the state of operation of 
the feed delivery vehicle represented within the model of the 



8 



feedlot. 

The feedlot computer network installation can also have a 
vehicle information acquisition means which comprises a satellite- 
based global positioning system, and the database is periodically 
up-dated using the vehicle information obtained from the satellite- 
based global positioning system. The feedlot computer network 
installation can also have animal information acquisition means for 
acquiring animal information regarding the position of animals in 
the feedlot relative to second prespecified coordinate reference 
frame, and/or the body-temperature of the animals so that the feed- 
lot model reflects the position and/or body-temperature of the 
animals. 

The feedlot computer network installation can also have sub- 
systems onboard each of the feed delivery vehicles, which comprises 
a stereoscopic display subsystem which permits the driver to stere- 
oscopically view any aspect of the model, including the driver's 
vehicle as it is being navigated through the feedlot during feedlot 
operations. Each of the feed delivery vehicles can be remotely 
controlled through the feedlot by an operator using a remotely 
situated workstation. Each of. the feed delivery vehicles can be 
equipped with a stereoscopic vision subsystem having a field of 
view along the navigational course of the feedlot vehicle. 

The database can be maintained aboard an Internet server 
operably associated with an Internet-based digital communications 
network, with which each the subsystem is in communication. A 
replica of the database is maintained aboard each of the feedlot 
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vehicles. A subsystem of the feedlot computer network installation 
can be used to ascertain both vehicle and animal information refl- 
ected in the model of the feedlot. The feedlot computer network 
installation can further comprise at least one workstation for 
viewing the model of the feedlot during feedlot operations. The 
feedlot computer network installation can further comprise at least 
one workstation for viewing the model of a feedlot vehicle in the 
feedlot and remotely navigating the feedlot vehicle along a course 
in the feedlot. 

Another aspect of the present invention is an animal feedlot 
management system, which comprises a plurality of feedlot vehicles, 
each employing an onboard computer system which includes a feedlot 
computer network comprised of a feedbunk reading computer system, 
a means for producing, storing and displaying feed ration delivery 
data, a feedmill computer system, a feedlot management computer 
system, a digital data communications system integrated with the 
feedlot computer network, a feedlot modelling subsystem for main- 
taining a geometrical database containing a geometrical model of 
the feedlot and objects contained therein, a coordinate acquisition 
subsystem for acquiring coordinate information specifying the posi- 
tion of the feedlot vehicle relative to a coordinate reference sys- 
tem symbolically embedded within the feedlot, and a geometrical 
database processor for processing information in the geometrical 
database using the coordinate information in order to update the 
geometrical model. 

The invention also includes the corresponding method of animal 
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feedlot management system for installation ih an animal feedlot, 
comprising the steps of providing a feedlot /computer network com- 
prised of a feed-bunk reading computer sys/fcem, a means for prod- 
ucing, storing and displaying feed ration dfelivery data, a feedmill 
computer system, a feedlot management computer system, a digital 
data communications system integrated A/ith the feedlot computer 
network; providing a feedlot vehicle/with an on-board computer 
system in communication with the feedlot computer network, the on- 
board computer system using real-tirfe VR modelling and coordinate 
acquisition techniques in order to maintain a 3-D geometrical model 
of the feedlot and objects therein including the feedlot vehicle; 
and navigating the feedlot vehiole while viewing an aspect of the 
feedlot model from within the reedlot vehicle . 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic representation of a feedlot within which 
the feedlot computer netwdrk of the present invention is installed 
in order to practice thf system and method of the present inven- 
tion. 

Fig. 2A1 is a blafck system diagram of the illustrative embod- 
iment of the feedlot computer network of the present invention, 
showing the 1 st fee<y delivery computer system, the n* feed delivery 
computer system, yne feedmill computer system, the feedlot manage- 
ment computer system, the feedbunk reading computer system, the 
veterinary computer system, the nutritionist computer system, the 
VR workstation^ for the veterinary vehicle, the VR workstation for 
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the nutrition vehicle, the VR workstation for the feedbunk reading 
vehicle, the VR workstation for the feedlot manager at the central 
office (or feedmill) , the VR workstation for the feedmill operator, 
the VR workstation for the n* feed delivery vehicle, the local 
positioning subsystem (LIAS) for the (i=l) animal pen, the LIAS for 
the n m animal pen, the satellites of the global positioning system 
(GPS) , the GPS base station, and the Internet-based digital com- 
munications network for wireless mobile communications among the 
computer systems of the feedlot computer network. 

Fig. 2A2 is a system block diagram illustrating the subcompon- 
ents of the GPS base station in relation to the GPS satellites and 
an exemplary feedlot vehicle computer of the present invention. 

Fig. 2 A3 is a schematic diagram showing the local information 
acquisition subsystem (LIAS) installed at the i* animal pen in the 
feedlot, for acquiring coordinate information specifying the body- 
temperature and position of each RF-tagged animal and trans-mitting 
such information to each VR subsystem in the computer network in 
order to continuously update the position and the temperature-coded 
color of such RF tagged animals within the VR-based feedlot model 
maintained within the system of the present invention. 

Fig. 2B1 is a system block diagram of the computer system 
aboard each feed delivery vehicle of the present invention. 

Fig. 2B2 is a schematic representation of the n* feed delivery 
vehicle of the present invention shown operating in its "manned- 
navigation" mode of operation with the human operator using its on- 
board VR subsystem while navigating the vehicle alongside a feed- 
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bunk being uniformly filled with an/assigned amount of feed ration. 

Fig. 2B2' is a schematic representation of the n* feed deli- 
very vehicle of the present invention shown operating in its "un- 
manned-navigation" mode of operation with a human operator sitting 
before its remote-situated VR workstation and remotely navigating 
the vehicle along a preplotted navigational course passing along a 
feedbunk being uniformly fillfed with an assigned amount of feed 
ration. / 

Fig. 2B3 is a schematic system diagram of the computer system 
aboard the n* feed delivery vtehicle, showing the components used to 
realize the subsystems thereof. 

Fig; 2B4 is a geometrical representation of a 3-D VR model of 
a portion of an animal feedflot (i.e. VR-based feedlot model), show- 
ing one of its pens, a feedbunk and a feed delivery vehicle, orig- 
inally created in the centralized VR workstation and thereafter 
maintained and updated /within each of the VR subsystems in the 
feedlot computer network. 

Fig. 2B5 is a geometrical representation of a 3-D VR-based 
model of the n* feed delivery vehicle, maintained within each VR 
subsystem of the firit illustrative embodiment, in which a local 
coordinate reference^ system (i.e. coordinate reference frame) is 
symbolically embedded therein, and submodels of its front and rear 
GPS receivers are spown mounted along the centerline lpDvfn) of the 
vehicle at endpoints P^v^n) and P^v^n), respectively, and its feed 
delivery chute is shown pivotally mounted about a pivot point 
Ppovfn) located along the vehicle's centerline lpovfn) . 



Fig, 2C is a system block diagram of the computer system 
aboard the feedbunk reading vehicle of the present invention . 

Fig. 2C1 is a schematic representation of the feed delivery 
vehicle of the present invention shown operating in its "manned- 
navigation" mode of operation with a human operator using its on- 
board VR subsystem while navigating the vehicle alongside a 
feedbunk being uniformly filled with an assigned amount of feed 
ration. 

Fig. 2C1' is a schematic representation of the feed delivery 
vehicle of the present invention shown operating in its "unmanned- 
navigation" mode of operation with a human operator sitting before 
its remote-situated VR subsystem and remotely navigating the veh- 
icle along a preplotted navigational course passing along a feed- 
bunk being uniformly filled with an assigned amount of feed ration. 

Fig. 2D is a system block diagram illustrating the subsystem 
components of the feedlot veterinary computer system in the comp- 
uter network of the present invention. 

Fig. 2D1 is a schematic representation of the feedlot veterin- 
ary vehicle of the present invention shown operating in its "man- 
ned-navigation" mode of operation with the veterinarian using its 
on-board VR subsystem while navigating the vehicle alongside a 
feedbunk containing animals being visually inspected. 

Fig. 2D2 is a schematic representation of the feed delivery 
vehicle of the present invention shown operating in its "unmanned- 
navigation" mode of operation with a veterinarian sitting before 
its remote-situated VR subsystem and remotely navigating the veh- 
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icle along a preplotted navigational course passing along a feed* 
bunk containing animals being visually inspected by its on-board 
stereoscopic vision system. 

Fig. 2E is a system block diagram illustrating the subsystem 
components of the feedlot nutrition computer system in the feedlot 
computer network of the present invention. 

Fig. 2E1 is a schematic representation of the feedlot nutrit- 
ion vehicle of the present invention shown operating in its "man- 
ned-navigation" mode of operation with a nutritionist using its on- 
board VR subsystem while navigating the vehicle alongside a feed- 
bunk containing animals being visually inspected by its on-board 
stereoscopic vision system. 

Fig. 2E2 is a schematic representation of the feed delivery 
vehicle of the present invention shown operating in its "unmanned- 
navigation" mode of operation with a nutritionist sitting before 
its remote-situated VR subsystem and remotely navigating the 
vehicle along a preplotted navigational course passing along a 
feedbunk containing animals being visually inspected by its on- 
board stereoscopic vision system. 

Fig. 2F is a system block diagram illustrating the subsystem 
components of the feedmill computer system in the feedlot computer 
network of the present invention. 

Fig. 2F1 is a schematic representation of the feedmill com- 
puter system of the present invention . showing a human operator 
sitting before its remote-situated VR subsystem during typical 
feedlot management operations within the feedmill. 
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Fig. 2G is a schematic block diagram illustrating the sub- 
system components of the feedlot management computer system of the 
present invention . 

Fig. 2G1 is schematic representation of the feedlot computer 
system of the present invention showing a human operator sitting 
before its remotely-situated VR subsystem during typical feedlot 
management operation within the central office. 

Fig. 3 is a system block diagram illustrating the subsystem 
components of a feedlot vehicle computer system of the second 
illustrative embodiment of the feedlot computer system shown in 
Figs. 1 and 2 of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
An exemplary feedlot (such as those for which the present 
invention is intended) comprises a plurality of cattle pens, a 
feedmill and a base office. Typically, each cattle pen comprises 
fencing and an associated feedbunk capable of holding a feed 
ration, i.e. an amount and type of feed ration. The length of each 
feedbunk will vary from feedlot to feedlot and typically has a 
length commensurate with the length of each animal pen. The 
details of such operations are fully covered in U.S. Patent No. 
5,457,627, the teachings of which are incorporated by reference 
herein as if restated in full. 

The feedmill typically comprises an enclosed building struc- 
ture for housing a feedmill computer system programmed for (i) 
assigning feed loads and pen sequences and (ii) controlling various 
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feedmill operations. In addition, elevated storage bins and feed 
ingredient mixing/metering equipment operably associated with a 
feedmill computer system, are provided so that a specified feed 
load (i.e. comprising one or more feed batches) can be milled and 
mixed (i.e. prepared) and then loaded onto a feed delivery vehicle. 

The base office typically comprises an enclosed building 
structure for housing, a feedlot management computer system and a 
feedlot financial accounting/billing computer system. Within this 
building, the manager of the feedlot typically maintains an office 
along with personal involved in financial accounting and billing 
operations. 

The feedlot computer network, as contemplated by this discl- 
osure, typically comprises a feedbunk reading computer system, a 
feedmill computer system, a feedlot veterinary computer system, a 
feedlot nutrition computer system, a feedlot management computer 
system, a financial accounting computer system and feed delivery 
vehicle computer systems. The configurations for such a feedlot 
computer network are illustrated and described in U.S. Patent No. 
5,457,627, the teachings of which are incorporated by reference 
herein, as stated above. It is understood, however, that alterna- " 
tive configurations for the computer network may be adopted without 
departing from the scope and spirit of the present invention. 

A "feedbunk reader" collects data relevant to feedbunk manage- 
ment operations by driving a vehicle to the pens where head of 
cattle are confined for feeding and/or veterinary care. In most 
larger feedlot operations, the feedbunk reader, or like person 
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carrying out her responsibilities, has one primary function: to 
assign specific types and amounts of "feed rations" to be delivered 
to each pen and dispensed within the feedbunk associated therewith 
during the designated feeding cycles executed within a given day. 
As is well known in the art, the type and total amount of feed 
ration assigned per head of cattle will depend on a number of 
factors, including the particular stage of growth of the cattle. 
Typically, the number of feeding cycles scheduled by the feedlot 
manager in a given day will range from one to four or more. 

The primary functions of the feedlot manager, on the other 
hand, are to maintain daily records on the following items: (i) 
cattle held in each pen; (ii) the ingredients/formulation of the 
feed rations; (iii) the feed ration consumption history of the 
cattle over a period of time; (iv) the identity of each driver of 
a feed delivery vehicle; (v) the identification and description of 
feed ration delivery vehicles within the pens in the feedlot; and 
(vii) the charges to be billed to cattle owners for the feed rat- 
ions delivered to their cattle. It is understood, however, that 
these functions may be allocated differently from one feedlot to 
the next. 

In order that the feedbunk reader can perform his responsibil- 
ities on a daily basis, a feedbunk reading computer system is car- 
ried onboard his vehicle. The feedbunk reading computer system is 
programmed with various data processing routines and is interfaced 
with other computer systems within the feedlot computer network. 
In this way, the feedbunk reader can create, process, maintain, 
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transmit and receive various types of data files among the other 
computer systems and thereby carry out his feed ration assignment 
functions in accordance with the principles of the present inv- 
ention. 

Preferably, the feedbunk reading computer system is realized 
by a portable (e.g. laptop or palmtop) computer system commercially 
available. In this way, the system can be easily moved into and 
out of the feedbunk reader's vehicle, as desired or required. The 
portable feedbunk reading computer system runs a computer program 
having a number of different routines in order to carry out various 
data processing and transfer operations within the computer-net- 
work. The minute details of the feedbunk reading computer system 
and some of the other subsystems referred to herein (such as the 
feed delivery vehicle computer system, etc.) can be found in U.S. 
Patent No. 5,457,627. 

The feed delivery vehicle computer system has telecommunica- 
tion subcomponents such that each feed delivery vehicle computer 
system can transmit or receive data files over the N different RF 
channels available within the feedlot computer network. In order 
that each feed delivery vehicle is capable of measuring the actual 
amount of feed loaded onto an assigned feed delivery vehicle at the 
feedmill and subsequently dispensed into the feedbunks associated 
with an assigned pen subsequence, a weight scale is operably assoc- 
iated with feed load storage compartments onboard each feed deliv- 
ery vehicle in a manner known in the art. The function of the 
scale is to provide an electrical signal S, indicative of the total 
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weight of the feed contained within each feed load storage compart- 
ment. Signal S, is digitized and provided as input to the feed 
delivery vehicle computer system by way of a suitable data commun- 
ication interface associated with a system bus. By measuring the 
weight of the feed within a storage compartment and recording these 
measurements in the associated feed delivery vehicle computer sys- 
tem, it is possible to compute the actual amount of feed ration 
either (i) supplied to the feed load storage compartment during the 
feed loading process at the feedmill, or (ii) dispensed therefrom 
into the feedbunk of any pen in the feedlot. Such computations can 
be implemented in a straightforward manner using programming tech- 
niques known in the art. 

In order to ensure that feed is delivered to each feedbunk in 
a substantially uniform manner, (i.e. equal amount of feed dis- 
pensed per linear foot travelled by the feed delivery vehicle) , a 
uniform feed dispensing control subsystem is installed onboard each 
feed delivery vehicle. Such a subsystem has hardware and software 
components. The hardware component comprises a hydraulically 
activated feed delivery mechanism which includes hydraulic valve 
electronically controlled by control signals generated by the 
feed delivery vehicle computer system and transmitted via a data 
communication port. In order that such control signals can be 
generated on a real-time basis within the feed delivery vehicle 
computer system, a ground speed radar instrument is mounted onboard 
each delivery vehicle to measure the true ground speed of the 
vehicle and to generate an electrical signal S 2 indicative thereof. 



This signal is provided to the feed delivery vehicle computer 
system. Signals S x and S 2 are sampled at a sufficient rate and are 
utilized by a Uniform Feed Dispensing Control Routine executed 
within the feed delivery vehicle computer system to produce control 
signal S„v which is provided to the hydraulic valve of uniform feed 
delivery control subsystem. In this way, the computer system on- 
board each feed delivery vehicle controls the incremental dispensa- 
tion of feed so for each linear foot traversed by the feed delivery 
vehicle, a substantially constant amount of feed ration is dispens- 
ed along the total length of the feedbunk. 

Preferably, each feed delivery vehicle computer is realized by 
a portable (e.g. laptop or palmtop) computer system releasably 
mounted on the dashboard of the cab of the feed delivery vehicle so 
that it can easily be utilized by the delivery vehicle driver when 
dispensing feed to feedbunks. The interconnection between the com- 
munication port and scale onboard the vehicle can be achieved using 
a conventional data communication cable. 

A feedmill computer system is realized as a single computer 
system. In order that data can be transmitted from and received by 
this computer system, data communication ports are provided so that 
the feedmill operator or other person at the feedmill can transmit 
or receive data files over the N RF channels within the feedlot 
computer network. 

In order that the feedmill is capable of measuring the actual 
amount of feed loaded onto any particular feed delivery vehicle, 
the relevant onboard scale is operably associated with a feed 



ration storage bin. The function of this scale is to provide an 
electrical signal indicative of the total weight of prepared feed 
ration contained within th£ storage bin. This signal is digitized 
and provided as input to the feedmill computer system. By measur- 
ing the weight of the feed within the feed ration storage bin and 
recording these measurements in the feedmill computer system, the 
actual amount of feed ration prepared and loaded onto a particular 
feed delivery vehicle can be computed in a straight forward manner. 

Feed ingredient metering and mixing equipment at the feedmill 
are controlled by control signals generated by a Feedmill Control 
Program running within the feedmill computer system and transmitted 
to the rest of the machinery. The feedmill computer system 
described above can be realized by any computer system capable of 
running software for (i) assigning feed load and pen subsequence 
assignments, and (ii) controlling the feed ingredient metering and 
mixing equipment at the feedmill. Suitable feedmill control soft- 
ware is commercially available from Lextron, Inc. under the 
tradename FLOWCON. 

The feedlot management computer system physically interfaces 
with the other computer systems within the feedlot computer net- 
work. Associated telecommunication ports comprise data communica- 
tion controllers, modems, N-channel RF transceivers and antenna, 
all serially configured. In this way, the personnel at the feedlot 
management computer system can transmit or receive data files over 
the N RF channels within the feedlot computer network. 

A veterinary computer system can also interface with other 



computer systems within the network to transmit or receive data 
files over the N RF channels within the feedlot. Preferably, the 
feedlot veterinary computer system is realized by a portable (e.g. 
laptop on palmtop) computer system commercially available from one 
of many possible vendors. In this way, the system can be easily 
moved into and out of the feedlot managers veterinarian's vehicle 
as desired or required. The veterinary computer system should run 
a computer program having a number of different routines which 
carry out various data processing and transfer operations relating 
to veterinary health care of the cattle in the feedlot. 
p The adaptation of the satellite based global positioning sys- 

g tern to the present invention will now be described in detail in 

J association with the attached figures. According to the present 

J; invention, a network system is provided for carrying out and man- 

51 aging operations within an animal feedlot, in which each feed 

Q delivery vehicle employed therein uses real-time VR modelling and 

H= coordinate acquisition techniques to carry out and manage various 

J3 types of feedlot operations, including bunkreading, feed dispens- 

ing, and the delivering of animal health and nutritional care in 
the feedlot. 

In the first illustrative embodiment, each feedlot vehicle has 
an on-board computer system which includes a VR subsystem that is 
in communication with an Internet-based digital communications 
network that supports real-time multi-media information transfer. 
Each VR subsystem provides access to a 3-D geometrical database 
(e.g. represented in VRML) storing information representative of a 



23 



• # 

VR-based model of the feedlot as well as animate objects (e.g. 
tagged animals) and inanimate objects (e.g. pens, alley ways, feed- 
bunks, buildings, vehicles etc.) present therein. The VRML data- 
base is continually updated by a VRML database processor which uses 
information obtained from each feedlot computer system, a satel- 
lite-based global positioning system (GPS) , as well as a local 
information acquisition subsystems (LIAS) integrated therewith. 
The primary function of each LIAS is to acquire information per- 
taining to the position and body-temperature of RF-tagged animals 
in the feedlot, for use in maintaining the VR feedlot model. The 
VR subsystem aboard each feedlot vehicle includes an image display 
subsystem which permits the driver to stereoscopically view any 
aspect of the VR feedlot model, including the driver's vehicle as 
it is being operated and navigated through the feedlot during feed- 
lot operations. The VR subsystem aboard each feedlot vehicle can 
be used by feedbunk readers, feed deliverymen, veterinarians, nutr- 
itionists, feedmill operators, and feedlot managers alike. 

In an alternative embodiment of the animal feedlot system, 
each feedlot vehicle can be remotely navigated through the feedlot 
by an operator who sits before a VR workstation. The VR workstati- 
on allows the operator to remotely navigate the vehicle through the 
feedlot using a VR-interface equipped with a stereoscopic vision 
subsystem having a field of view along the navigational course of 
the remotely controlled vehicle. A single operator can remotely 
navigate one or more feedlot vehicles simultaneously. The navigat- 
ional courses of these remotely navigated vehicles can be prepro- 
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grammed in an orchestrated manner to avoid collisions and optimize 
the time and energy required to carry out feedlot operations, while 
reducing the operating costs of the feedlot as well as the number 
of employees required to support its operations. 

Referring to Fig. 1 of the Drawings, there is shown an exemp- 
lary feedlot 1 comprising several cattle pens 2, a feedmill 3 and 
a base office (i.e. central office) 4. Typically, each cattle pen 
2 comprises fencing 5 and an associated feedbunk 6 capable of hold- 
ing a feed ration, (i.e. an amount and type of feed ration). The 
length of each feedbunk will vary from feedlot to feedlot and typi- 
cally has a length commensurate with the length of each animal pen. 

Feedmill 3 typically comprises an enclosed building structure 
8 for housing office furniture and a feedmill computer system 9 
programmed for (i) assigning feed loads and pen subsequences and 
(ii) controlling various feedmill operations, the nature of which 
is well known in the art. At the feedmill, elevated storage bins 
10A, 10B and IOC, and feed ingredient mixing/metering equipment 11 
operably associated with the feedmill computer system 9, are prov- 
ided so that a specified feed load (i.e. comprising one or more 
feed batches) can be milled and mixed (i.e. prepared) and then 
loaded onto a feed delivery vehicle 12 in a manner known in the 
art. Base office 4 typically comprises an enclosed building struc- 
ture 13 for housing office furniture, a feedlot management computer 
system 14 and a feedlot financial accounting/billing subsystem 15B 
associated therewith, the nature of which will be described in 
greater detail hereinafter. Within this building, the manager of 



the feedlot (hereinafter "the feedlot manager") typically maintains 
an office along with personal involved in financial accounting and 
billing operations, as well as animal nutrition and health care. 

The feedlot operations and management system of the present 
invention includes a feedlot computer network 16 which is shown 
embodied within the exemplary feedlot of Fig. 1. As shown in Fig. 
2, the feedlot computer network 16 comprises: a plurality of feed 
delivery (vehicle) computer systems 17, each installed aboard a 
plurality feed delivery vehicles 12; feedmill computer system 9 
installed at feedmill 3; feedlot management computer system 14 
installed at base office 4; feedbunk reading computer system 18 
installed aboard a feedlot vehicle 24; veterinarian computer system 
19A installed aboard a feedlot vehicle 21A; a nutritionist computer 
system 19B installed aboard a feedlot vehicle 2 IB; VR workstation 
20 at central office 4 for remote navigation of veterinary vehicle 
21A and VR-based operations management; VR workstation 22 at 
central office 4 for remote navigation of the nutrition vehicle 2 IB 
and VR-based operations management; VR workstation 23 at central 
office 4 for remote navigation of feedbunk reading vehicle 24 and 
VR-based operations management; VR workstation 25 at central office 
4 for the feedlot manager; VR workstation 26 at feedmill 3 for the 
feedmill operator; VR workstation 27 at feedmill 3 for the n* feed 
delivery vehicle 12; a local positioning subsystem (LIAS) 28 for 
the (i=l) animal pen; LIAS for the i* animal pen; a plurality of 
GPS satellites 30 for the global positioning system (GPS) ; a GPS 
base station 31; and the Internet-based digital communications 




network 32 for wireless mobile communications among the computer 
system of the feedlot computer network. While the preferred con- 
figuration for the feedlot computer network is illustrated in Fig. 
2, it is understood, however, that alternative configurations for 
the computer network may be adopted without departing from the 
scope and spirit of the present invention. 

As illustrated in Fig. 1, the "feedbunk reader" collects data 
relevant to feedbunk management operations by driving feedlot vehi- 
cle similar to the bunkreading vehicle 24 , the veterinary vehicle 
21A or nutritionist vehicle 21B, to the animal pens where a head of 
cattle are confined for feeding and/or veterinary care. In most 
larger feedlot operations, the feedbunk reader, or like person 
carrying out his responsibilities, has one primary function: to 
assign specific types and amounts of feed (hereinafter "feed 
rations") to be delivered to each pen and dispensed within the 
feedbunk associated therewith during the designated feeding cycles 
executed within a given day. The type and total amount of feed 
ration assigned per head of cattle will depend on a number of 
factors, including the particular stage of growth of the cattle. 
Typically, the number of feeding cycles scheduled by the feedlot 
manager in a given day will range from one to four or more. 

The primary functions of the feedlot manager, on the other 
hand, are to maintain daily records on the following items: (i) 
cattle held in each pen; (ii) the ingredients/ formulation of the 
feed rations; (iii) the feed ration consumption history of the 
cattle over a period of time; (iv) the identity of each driver of 

27 



a feed delivery vehicle; (v) the identification and description of 
feed ration delivery vehicles within the pens in the feedlot; and 
(vi) the charges to be billed to cattle owners for the feed rations 
delivered to their cattle. It is understood, however, that these 
functions may be allocated differently from one feedlot to the 
next. 

The primary function of the feed deliverymen is to deliver 
assigned feed rations to a prioritized (sub) sequence of animal pens 
in the feedlot. The primary function of the veterinarian is to 
diagnose and treat sick animals with prescribed medication and 
nutrients. In certain feedlots, a nutritionist may be employed for 
the purpose of ensuring that the nutritional requirements of the 
animals are being satisfied. 

As shown Figs. 2B1, 2C, 2D, 2E, 2F and 2G, each feedlot com- 
puter system 9, 14, 17, 18, 19A and 19B within the computer network 
of Fig. 2 has a similar architecture which comprises an integration 
of the following subsystems: an information file processing and 
management subsystem 34; a wireless digital data communication 
subsystem 35; and a VR subsystem 36. In addition, each feedlot 
computer system 9, 14, 17, 18, 19A and 19B is provided with a 
remotely situated VR workstation 26, 25, 27, 23, 20 and 21, resp- 
ectively. If the feedlot computer system is installed aboard a 
feedlot vehicle, then the feedlot computer system will include a 
number of additional subsystems corresponding to the functions to 
be provided at the vehicle. Similarly, if the feedlot computer 
system is installed within a feedlot building (e.g. central office 
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or feedmill) , then the computer system will include a number of 
additional subsystems corresponding to the functions to be provided 
within or about these buildings. 

As shown in Fig. 2B1, the additional subsystems aboard the 
feed delivery vehicle hereof include: a vehicle propulsion sub- 
system 37; a vehicle navigation subsystem 38; a GPS-based coordi- 
nate information acquisition subsystem 39; a feed delivery records 
subsystem 4 0 and an uniform feed dispensing subsystem 41. These 
additional subsystems are integrated with the other subsystems 
aboard the feed delivery vehicle to provide what can be viewed as 
single resultant system having a number of different modes of 
system operation. 

As shown in Fig. 2C, the additional subsystems aboard the 
feedbunk reading vehicle hereof include: a vehicle propulsion 
subsystem 37; a vehicle navigation subsystem 38; a GPS-based 
coordinate information acquisition subsystem 39; and a feedbunk 
records subsystem 42. As shown, these additional subsystems are 
integrated with the other subsystems aboard the feedbunk reading 
vehicle to provide what can be viewed as single resultant system 
having a number of modes of system operation. 

As shown in Fig. 2D, the additional subsystems aboard the 
veterinary vehicle hereof include: a vehicle propulsion subsystem 
37; a vehicle navigation subsystem 38; a GPS-based coordinate 
information acquisition subsystem 39; a veterinary (i.e. animal 
health) records subsystem 43; and a feedlot management records 
subsystem 44 (for when the vehicle is used by the feedlot manager) . 
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As shown, these additional subsystems are integrated with the other 
subsystems aboard the veterinary vehicle to provide what can be 
viewed as single resultant system having a number of modes of 
system operation. 

As shown in Fig. 2E, the additional subsystems aboard the 
nutritionist vehicle hereof include: a vehicle propulsion subsystem 
37; a vehicle navigation subsystem 38; a GPS coordinate information 
acquisition subsystem 39; a nutrition records subsystem 45 and a 
feedlot management records subsystem 44 (for when the vehicle is 
used by the feedlot manager) . As shown, these additional subsys- 
tems are integrated with the other subsystems aboard the nutrition 
vehicle to provide what can be viewed as single resultant system 
having a number of modes of system operation. 

Optionally, a separate vehicle, like feedlot vehicle 19A or 
19B, can be provided for exclusive use by the feedlot manager, in 
which case it would be referred to as the "feedlot manager 
vehicle" . 

For purposes of illustration, the substructure of the addi- 
tional subsystems identified above will be described hereinafter 
with reference to the schematic diagram of the feed delivery 
vehicle computer system shown in Fig. 2B2. 

As shown in Fig. 2F, the additional subsystems within the 
feedmill hereof include a feed mixing/flow control subsystem 46, 
and a feed load records subsystem 47. As shown these additional 
subsystems are integrated with the other subsystems of the feedmill 
computer system. 
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As shown in Fig. 2G, the additional subsystems within the 
central office hereof include feedlot financial accounting/billing 
subsystem 15. As shown this additional subsystem is integrated 
with the other subsystems of the feedlot management computer 
system. 

The primary function of the information file processing and 
management subsystem 34 is to provide general information file 
processing and management capabilities to the operator of each 
feedlot computer system in the feedlot management network hereof. 
As shown in Fig. 2B3, this subsystem is realized by providing each 
feedlot computer system with the following subcomponents: program 
storage memory 50 (e.g. ROM) interfaced with system buses 51 for 
storing of computer programs according to the present invention; 
information (file) storage database memory 52 (e.g. RAM) for stor- 
ing various data files; a central processing unit (e.g. micropro- 
cessor) 53 for processing data elements contained in these inform- 
ation files (e.g. formatted in Hypertext Mark-up Language (HTML) 
for representation on a hypermedia System realized on the World 
Wide Web (WWW) of the Internet; a data entry device 54 (e.g. key- 
board or keypad) and associated interface circuitry 54A; and an 
ultra-compact hard-copy color printer 55 and associated interface 
circuitry 55A for printing hardcopy images of selected display 
frames, including reports, tables, graphs, and color images of the 
VR-modelled feedlot. 

The primary function of the wireless digital data communica- 
tion subsystem 3 5 associated with each feedlot computer system is 



31 





to provide a World Wide Web (WWW) site on the Internet for each 
feedlot computer system and LIAS 28 i in the feedlot management 
system. The purpose of such subsystems is to facilitate the trans- 
mission and reception (i.e. uploading and downloading) of informa- 
tion files among the feedlot computer systems, VR workstations and 
LIASs throughout the feedlot computer network hereof. In the il- 
lustrative embodiment, such information files include: (1) HTML 
formatted feedlot information files associated with the various 
types of feedlot information files used to carry out the feed 
V^^)^^ ration assignment and delivery processes described in Application 
^jf tff Serial No. 07/973,450; and (2) Virtual Reality Modelling Language 
3 (VRML) formatted files associated with the VR-based feedlot model. 

= Collectively, these digital communication subsystems 35, in coop- 

; eration with uplinks/downlinks, hubs, routers and communication 

I channels, provide digital communications network 32 within the 

I spatio-temporal extent of the feedlot. In the illustrative embod- 

iment, digital communications network 32 provides wireless communi- 
cation links to each and every feedlot computer system aboard the 
feedlot vehicles for high-speed mobile communications required to 
realize the system and method of the present invention. 

Preferably, digital communications network 32 comprise one or 
more subnetworks of the Internet, and therefore is capable of sup- 
porting the TCP/IP protocol in a switched data packet communica- 
tions environment well known in the digital communications network 
art. In the first illustrative embodiment of the present inven- 
tion, digital communications network 32 includes an Internet server 
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32A (i.e. "feedlot Web server") which provides the feedlot with a 
site on the Internet (i.e. "feedlot web site"). At this Web site 
server, each feedlot computer system and LIAS is provided with an 
assigned set of information storage fields for storing (i.e. buf- 
fering) current coordinate information on vehicle or tagged-animal 
position, as well as information on the state of objects (e.g. 
vehicles, pens, tagged animals, etc.) in the feedlot at any instant 
r in time. Periodically, (e.g. every second or fraction thereof) 
such information is remotely accessed from the feedlot Web site 
server 32A by the VR subsystem (e.g. using its VR Web browser) 36, 
which is provided at each feedlot computer system and VR work- 
station in the feedlot. Such information file transfer is achieved 
using conventional file transfer protocols (FTPs) well known in the 
Internet communications art. In turn, each VR subsystem uses the 
information accessed from feedlot Web server 3 2A to update the VR 
model locally maintained aboard the VR subsystem. This approach 
provides a way in which to update the VR-based feedlot model rep- 
resented in each VR subsystem throughout the feedlot computer 
network • 

Provided with such capabilities, digital communications net- 
work 32 can be viewed as comprising a plurality of information/ 
communication nodes realized by the different computer systems 
shown in Fig. 2 and that these nodes (many of which being mobile) 
are linked together by wireless (electromagnetic-wave transmission) 
links in a manner in that enables feedlot data file management and 
VR modelling and navigation in the feedlot management system of the 



present invention. 

As shown in the exemplary schematic diagram of Fig. 2B1, the 
wireless digital communication subsystem 35 associated with each 
feedlot computer system is realized by: a modem 67A interfaced to 
system bus 51 by data communication port 67A; an transreceiver 68 
interfaced to modem 67; an antenna 69 connected to the transceiver 
permitting the feedlot computer system to transmit and receive in- 
formation files over digital communication network 32; and net- 
working software 70 for supporting a 3-D networking protocol al- 
lowing the coordination of multiple 3-D objects efficiently over 
the digital communication network (while supporting the standard 
Internet communication protocol TCP/IP) . In the case of feedlot 
vehicles, the antenna 69 can be mounted outside the vehicle and 
electrically connected to RF transceiver 68 using conventional RF 
transmission cable. 

Preferably, the 3-D networking software provided at each wire- 
less digital communication subsystem (i.e. node in the network 32) 
is capable of supporting a 3-D networking protocol such as the 
Standard Distributed Interactive Simulation (DIS) protocol, to 
provide support for the VR modelling and navigation functions of 
feedlot management system. Notably, the DIS protocol is capable of 
handing many different types of 3-D data file formats which may be 
transmitted over the feedlot computer network. Such 3-D data 
formats include VRML and Open Flight, which enable multiple 3-D 
objects (e.g. VR models of feedlot vehicles, animals, pens, 
buildings, feedlot equipment, feedlot resources such as medicines, 




microingredients, feed ration components, water sheds, feedlot 
airplanes and helicopters, etc,) to be efficiently coordinated over 
the digital communication network. 

Consistent with coordinate referencing principles well known 
in the VR modelling art, global and local coordinate reference 
systems (i^e. coordinate reference frames) are symbolically embed- 
ded within the structure of the "real" animal feedlot being model- 
led within each VR subsystem (and VR workstation) in the feedlot 
management system hereof. As illustrated in Figs. 1, 2A3 , 2B4 and 
2B5 the following coordinate reference frames are symbolically 
embedded with the specified portion of the feedlot: (1) a global 
coordinate reference system is symbolically embedded within the 
"real" animal feedlot, denoted as R R fccdlot ; (2) a local coordinate 
reference system is symbolically embedded within each n* "real" 
feedlot delivery vehicle, denoted as R^; (3) a local coordinate 
reference system is symbolically embedded within the real feedbunk 
reading vehicle, denoted as R R frv ; (4) a local coordinate reference 
is system symbolically embedded within the real veterinary vehicle, 
denoted as R R „; (5) a local coordinate reference system is symbol- 
ically embedded within the real nutritionist vehicle, denoted as 
R R 0V ; and (6) a local coordinate reference system is symbolically 
embedded within each i* real animal pen in the feedlot, denoted as 

In practice, coordinate information obtained using a commer- 
cially available satellite-based GPS is expressed in terms of 
latitude and longitude measures, referenced with respect to an 
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Earth-based coordinate reference system (i.e. R 1 *^) historically 
centered in Greenwich, London, England. However, for purposes of 
simplicity, one may locate R R fcc<Uot as being spatially coincident with 
R R Earth / and reference all points in the feedlot with respect to 
R R E«th* Alternatively one may translate coordinates referenced in 
rR Eaith to RR fccdiot using homogeneous transformations, (i.e. mathemati- 
cal mapping techniques) well known in the computer graphic and 
virtual reality modelling arts. 

The function of the global coordinate reference system R R fcedlot 
is to provide a reference framework within which the position of 
all real objects in the feedlot can be specified. The function of 
each "local" coordinate reference system R\ fdv R R frv , r\ and R R nv is 
to provide a reference framework within which the position and 
orientation of the real feedlot delivery vehicle and its feed 
dispensing chute can be specified in relation to objects in the 
feedlot (e.g. feedbunks during feed dispensing operations, and 
feedmill filling chutes during feedtruck loading operations) . 

As will be described in greater detail hereinafter, the 
primary function of each VR subsystem is to maintain (i.e. update) 
a 3-D VR model for the feedlot and objects contained therein. 
Preferably, this VR feedlot model may be viewed as a collection of 
VR-based (sub)models, such of which is expressed using VRML well 
know in the VR modelling art. In the illustrative embodiment, VRML 
is used to design and create the following VR models on central VR 
workstation 71. Namely: a VR model of the feedlot and the objects 
contained therein, namely: (1) a VR model of "real" animal feedlot, 




denoted as M fcedIot ; (2) a VR model of each n* "real" feed delivery 
vehicle, denoted as M^; (3) a VR model of the real feedbunk read- 
ing vehicle, denoted as M^; (4) a VR model of the real veterinary 
vehicle, denoted as M^; (5) a VR model of the real nutritionist 
vehicle, denoted as M^; (6) a VR model of each i* animal pen in the 
feedlot, denoted as M^; and (7) a VR model of each j* animal "tag- 
ged" in the i* real animal pen in the feedlot, denoted as Mj.^^; 
etc. Ultimately are maintained and updated in each VR subsystem 
within the feedlot management system hereof. 

In order to maintain correspondence between the "real" feedlot 
and the objects therein and the "VR models" thereof, it is also 
necessary to symbolically embed the following coordinate reference 
frames with the specific portions of the feedlot, namely: (1) a 
global coordinate reference system symbolically embedded within 
the "VR model" of the animal feedlot, denoted as R M fcedlot ; (2) a local 
coordinate reference system symbolically embedded within the "VR 
model" of each n* feed delivery vehicle, denoted as R M n . rdv ; (3) a 
local coordinate reference system symbolically embedded within the 
VR model of the feedbunk reading vehicle, denoted as R M ffV ; (4) a 
local coordinate reference system symbolically embedded within the 
VR model of the veterinary vehicle, denoted as R M W ; (5) a local 
coordinate reference system symbolically embedded within the VR 
model of the nutritionist vehicle, denoted as R M nv ; and (6) a local 
coordinate reference system symbolically embedded within the VR 
model of each i* animal pen in the feedlot, denoted as R^. While 
it is understood that these VR models embody information of a non- 
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graphical nature, the geometrical aspects of certain of such VR 
models are shown in Figs. 2A3 , 2A4 and 2B2 for illustrative 
purposes. 

In accordance with VR-world building (i.e. modelling) princip- 
les and techniques, a number of relations are established and main- 
tained by the VR subsystem within the feedlot management system, 
namely: (1) the coordinate reference frame R R fccdlot symbolically 
embedded within the real feedlot is deemed isomorphic with corres- 
ponding coordinate reference frame R M fccdkJI symbolically embedded 
within the VR model thereof M,^; (2) the coordinate reference 
frame R\ fdv symbolically embedded with each real n* feed delivery 
vehicle is deemed isomorphic with corresponding coordinate refer- 
ence frame R n _ fdv symbolically embedded within each VR model thereof 
Mn-fdv/ ( 3 ) the coordinate reference frame R R 0 _ fdv symbolically embedded 
within each real n* feedbunk reading vehicle is deemed isomorphic 
with corresponding coordinate reference frame R M frv symbolically 
embedded within each VR model thereof M frv ; (4) the coordinate 
reference frame R R W symbolically embedded within the real veterin- 
ary vehicle is deemed isomorphic with corresponding coordinate 
reference frame R^ symbolically embedded within the VR model 
thereof M^; (5) the coordinate reference frame R R QV symbolically 
embedded within the real nutritionist vehicle is deemed isomorphic 
with corresponding coordinate reference frame R M nv symbolically 
embedded within the VR model thereof M^; and (6) the coordinate 
reference frame R^ symbolically embedded within the i* real 
animal pen is deemed isomorphic with corresponding coordinate 
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reference frame symbolically embedded within the VR model 

thereof M^. 

Using mathematical mapping techniques, such as homogeneous 
transformations, position coordinates specified within global 
coordinate reference system R M fecdkJt can be easily related to 
coordinates specified within any local coordinate reference system, 
e.g. R^fdv' Consequently, coordinate information pertaining to the 
position of a feed delivery vehicle in the feedlot referenced with 
respect to R R fccdlot (derived aboard a feed delivery vehicle) can be 
translated into coordinate information referenced to any other 
local reference frame, e.g. coordinate frame R M j. during feed 
dispensing operations involving the i* animal pen and feedbunk. 
With such capabilities provided aboard each feed delivery vehicle, 
the operator thereof can display on his dash-mounted LCD (naviga- 
tion) panel, an updated VR model of the feed delivery vehicle 
(including its feed dispensing chute) shown in spatial relation to 
objects (e.g. feedbunks) modelled in the feedlot during vehicle 
operation. Other advantages of this subsystem will become apparent 
hereinafter. 

For additional information on VR systems and techniques, ref- 
erence can be made to the textbook entitled "Virtual Reality Sys- 
tems" (1995) by John Vince, ACM SIGRAPH Series, published by 
Addison-Wesley, incorporated herein by reference. 

As shown in Figs. 2B1, 2C, 2D, 2E, 2F and 2G, the VR sub- 
system 36 associated with each feedlot computer system within the 
feedlot computer network is realized as integration of the fol- 




lowing subsystems: a VR modelling subsystem 73; the stereoscopic 
image display subsystem 74; and th stereoscopic vision subsystem 
75. Also, each VR workstation 20, 21, 23 and 27 associated with 
each feedlot vehicle VR workstations 25 and 26 installed in the 
feedmill and base office also includes a VR subsystem 3 6 allowing 
a human operator to establish a VR interface therewith. 

The structure of the above-identified subsystem components 
will be described in greater detail below. In general, the primary 
function of VR modelling subsystem 73 is to support real-time VR 
modelling thereof within the animal feedlot so that a human 
operator sitting aboard a feedlot vehicle, or before a VR naviga- 
tional workstation (20, 21, 23, 25, 26 or 27), can view VR-based 
feedlot models during feedlot operations. As shown in Fig. 2B3, 
the VR modelling subsystem 73 of the first illustrative embodiment, 
is realized by providing each feedlot computer system (and VR 
workstation) with an assembly of subsystem components, namely: a 3- 
D geometrical VRML) database 77 for storing information representa- 
tive of 3-D VR models of the feedlot, its pens, feedbunks and 
alleyways, as well as each feedlot vehicle and RF-tagged animal 
therein; and a 3-D geometrical VRML) database processor 78. The 
primary function of 3-D VRML database processor 78 is to process 
the 3-D geometrical (i.e. VR) models represented by VRML or like 
information files stored within 3-D database 77 in order to: (i) 
update the position (and orientation) of objects in the feedlot 
during feedlot operations as well as during normal movement 
throughout the feedlot and; (ii) generate and render stereoscopic 
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image pairs from the 3-D geometric models along a viewing direction 
specified by a set of viewing parameters that they may be generated 
in any number of ways. Another function of the 3-D VRML database 
processor 78 is to receive updated information on updated VR 
models, typically transmitted from VR subsystems over the network 
32 during feedlot operations. For more detailed information on 
VRML and its information file structure, reference should be made 
to "VRML-Browsing and Building Cyberspace" 1995, by Mark Pesce, 
published by New Riders Publishing, Indianapolis, Indiana, 
incorporated herein by reference. 

The primary function of the central VR workstation 71 is to 
design and construct the original 3-D VR world model of: (i) the 
feedlot (e.g. buildings, animal pens and feedbunks, water-towers 
and sheds etc) ; (ii) feed delivery and other vehicles within the 
feedlot; as well as (iii) all or some (i.e. tagged) animals within 
the feedlot whose position and condition (e.g., ear temperature) 
are to be tracked and represented as part of the central VR-based 
feedlot model of the present invention. Preferably, VR workstation 
71, and all other workstations in the feedlot, are each realized 
using a Silicon Graphics Reality-Engine™ or Indigo™ 3-D computer 
graphics workstation, or other suitable PC-based 3-D computer 
graphics workstation located inside the feedmill, or elsewhere 
within or outside of the feedlot proper. Suitable virtual reality 
(VR) world modelling software for constructing such 3-D VR models 
of the feedlot (and objects therein) on such workstation is commer- 
cially available from a number of software vendors including, for 




example: Superscape VRT™ Authoring Software from Superscape Limit- 
ed, of Palo Alto, California; from Sense 8 ™ VR Modeling Software 
Sense 8 Corp. of Sausilito, California; and dVISE™ VR World Auth- 
oring Software from Division Incorporated of Redwood City, Calif- 
ornia. In the illustrative embodiment, each VR workstation is 
provided with a keyboard, mouse-like 3-D pointing device, and a 
Grand Prix!™ driving-wheel (input device) from Thrustmaster, Inc., 
which clamps to the remote-operator desktop and offers steering and 
quick acceleration, braking, and shifting control on the steering 
wheel in order to remotely navigate a feedlot vehicle hereof. 

By using VRML information files for each remotely-navigated 
vehicle in the feedlot, it also possible to represent in the VR 
model, virtually any type of quantifiable or qualifiable vehicle 
attribute, such as for example: (1) the quantity of feed remaining 
aboard the feed delivery vehicle; (2) the subsequence of animal 
pens at which feed ration has been previously dispensed along the 
prioritized feeding route; (3) the state of the propulsion sub- 
system (e.g. idle, forward motion, reverse motion, dispensing feed 
in the feedbunk, etc); (4) emergency situation in progress; and the 
like, and (5) the temperature of an RF-tagged animal in a particu- 
lar animal pen. Such attributes, continuously updated in VRML 
information files transmitted to the each feedlot computer system 
and VR workstations 20, 21, 23, 25, 26 and 27, provides each human 
operator aboard a feedlot vehicle in its manned-navigational mode, 
or behind a VR workstation in its unmanned-navigational mode, with 
full-scale, (i) real-time VR modelling and interaction capabili- 
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ties; and (ii) current information on the state of each feedbunk 
and tagged animal in the feedlot. Once created, the 3-D VR models 
of the feedlot are transferred to each VR modelling subsystem 73 by 
way of wireless digital communication network 32 linking together 
the VR workstations and feedlot computer systems in the feedlot. 

The function of the mobile coordinate information acquisition 
subsystem 36 aboard each feedlot vehicle is to support real-time 
acquisition of both locally and globally referenced coordinate in- 
formation. The globally referenced coordinate information specif- 
ies the position and orientation of the feedlot vehicle within the 
animal feedlot, relative to global coordinate reference frame R R fcedlot . 
The locally referenced coordinate information specifies the posit- 
ion and orientation of any substructure aboard the feedlot vehicle 
(e.g. feed dispensing chute, etc) during feedlot operations with 
respect to the local coordinate frame symbolically embedded in the 
vehicle (i.e. "R R feedlot . vehicfc ) . Such acquired coordinate information it 
ultimately used to derive coordinates specifying the position, 
orientation and configuration of the feedlot vehicle in relation to 
all other objects in the feedlot (e.g., feedbunks, pens, alleyways, 
etc.). Once acquired, this coordinate information is transmitted 
from the feedlot vehicle (through the digital communication network 
32 hereof) to each VR subsystem 3 6 within the feedlot computer 
network, including the VR workstations 20, 21, 23, 25, 26, 27 and 
71 in the feedlot. 

In accordance with the present invention, each feedlot vehicle 
may include one or more subsystems for measuring the coordinate 



position (and/or orientation) of particular substructures aboard 
the vehicle (e.g., feed dispensing chutes, ground tiller, etc.), 
relative to "locally" established coordinate reference frame 
symbolically embedded therein. Coordinate information locally 
inquired through such peripheral measuring devices permitted VR 
submodels of such substructure to be continuously updated for 
transmission over the wireless digital communication vehicle 
throughout the feedlot. 

An example of such an on-board coordinate acquisition sub- 
system is the chute positioning subsystem installed aboard each 
feed delivery vehicle of the present invention. In the illustra- 
tive embodiment, this subsystem is realized, aboard the feedlot 
vehicle by providing the feed delivery computer system with the 
following additional subsystem components: a data input port 80 for 
receiving encoded digital signals from (i) chute angle sensor 81 
associated with the pivot joint of the feed dispensing chute locat- 
ed at pivot point P FDC i(n) in Fig. 2B5 to provide a measure of chute 
angle (defined in Fig. 2B5, and (ii) an ultra-sonic (or like) 
height or distance sensor for sensing the height of the end of the 
feed dispensing chute relative to the ground surface (which is 
assumed to be substantially planar in the feedlot) to derive the z 
coordinate of pivot point P^itri) in R R fcedlol . 

Globally referenced coordinate information acquired by each 
feedlot vehicle and transmitted to all other VR subsystems in the 
feedlot management system is used to automatically update the 
position and orientation of the vehicle within the VR model there- 
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of. This allows any one in the feedlot, with access to a VR sub- 
system (via its image generator/display subsystem) to ascertain 
(through display-screen visualization) exactly where any feedlot 
vehicle is at any particular instant of time, regardless of the 
navigational mode that it is operating in. Such information can be 
useful in the event one vehicle operator requires help, information 
or other form of assistance. 

In order to realize such •'global" coordinate acquisition func- 
tionalities within the feedlot management system, the mobile coord- 
inate acquisition subsystem 39 aboard each feedlot vehicle computer 
system further comprises an array of subsystem components, namely: 
at least one (but preferably two) dual-band high-resolution GPS 
signal receivers 82A and 82B interfaced with the systems bus by 
interface circuitry 83A and 83B, for receiving electromagnetic GPS 
signals from the GPS satellites 30 and the GPS base station 31 and 
producing digital coordinate signals indicative of the coordinate 
position of the GPS from which it was transmitted; and a GPS signal 
processor 84 operably connected to the GPS signal receivers for 
processing the digital coordinate signals produced therefrom in 
order to obtain coordinate position data of the GPS receiver 
relative to a global feedlot reference system R R fecdl0( . In the 
illustrative embodiment, the dual-band high-resolution GPS signal 
receivers 82A and 82B are mounted maximally apart from each other 
on the feedlot vehicle body (i.e. at the ends of the longitudinal 
axis of the vehicle body) . In the illustrative embodiment, the GPS 
signal processor 84 is also programmed to process coordinate infor- 
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mation on GPS receiver location in order to compute: (1) the speed 
of the feedlot vehicle relative to the feedbunks and other station- 
ary objects in the feedlot; and (2) the coordinate values associat- 
ed with the location of the GPS receivers referenced to local coor- 
dinate reference system R R n _p<»v 

The GPS receivers 82A and 82B aboard each feedlot vehicle may 
be operated in one of two modes: Stand-Alone Mode; or Differential 
Mode. In either mode, each GPS receiver receives two carrier sig- 
nals LI and L2 transmitted from each GPS satellite. In the illust- 
rative embodiment, the frequency of the LI carrier is 1,575.42 MHZ 
and the frequency of the L2 carrier is 1,227.6 MHZ. The carrier 
signals LI and L2 are modulated with two types of code and a navig- 
ation message. In the illustrative embodiment, the two codes used 
to modulate the carriers LI and L2 are the P code (i.e. the prec- 
ision code) and the C/A code (i.e. the course/acquisition code). 
In order to obtain the highest degree of positional precision 
within the subsystem, the P code (or more precise code) is used to 
modulate the carrier signals transmitted by the GPS satellites 
during GPS signal transmission and also by GPS receivers during GPS 
satellite signal reception. The function of each GPS receiver then 
is to receive these modulated carrier signals transmitted from the 
GPS satellites, and thereafter recover the codes and any navigation 
message transmitted thereby., to compute the latitude and longitude 
of each GPS receiver and thus ultimately the x, y, z coordinates 
thereof in the coordinate frame R R fcedlot . 

In the Stand-Alone Mode, each GPS receiver operates exactly as 
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described above, that is, it receives signals from GPS satellites 
and uses those signals to calculate its position with respect to 
Rfc^ in the following manner. The GPS satellites modulate the LI 
and L2 carriers with the P code, C/A code and navigation informa- 
tion. The navigation information includes the orbital position of 
the satellite with respect to coordinate system Rfc^, expressed in 
terms of three position coordinates designated by (Us, Vs, Ws) . 
Thus, by demodulating the carriers received at the GPS receiver, 
the GPS receiver can obtain the coordinate position of the satel- 
lite referenced to R*^. The GPS receiver can also measure the 
time reguired for each acquired satellite signal to travel from the 
satellite to the GPS receiver. The GPS receiver accomplishes this 
timing function by generating a code identical to the satellite 
code (P code for military receivers and C/A code for commercial 
receivers) . The GPS receiver then code locks this replica with the 
received code by shifting the start time of the replica until maxi- 
mum correlation is obtained. Since the receiver knows the nominal 
starting time, "Ts", for the received code (which is repeated at 
regular predetermined intervals) and it knows the time shift, "Tr" , 
required to obtain code lock, it knows the time for the signal to 
travel from satellite to the receiver, which is just the difference 
between the nominal start time for the satellite signal and the 
start time for the receiver replica. Multiplying this transit time 
"Tr - Ts" by the speed of the light "c" gives the nominal distance 
(or pseudo range) "P" between the GPS satellite and the GPS 
receiver: 



P = (Tr - Ts)c 



This distance P can also be expressed as the vector distance 
between GPS satellite and GPS receiver using earth based coordi- 
nates (referenced to R R fccdk)t ) : 

P= [ (Us-Ur) 2 +(Vs-Vr) 2 +(Ws-Wr) 2 ] I/2 

The three known variables in the above mathematical expression 
are the position coordinates of the satellite designated by 
(Us,Vs,Us), whereas the three unknown variables thereof are three 
position coordinates of the GPS receiver designated by (Ur, Vr, 
Wr) . If signals from three GPS satellites are acquired at each GPS 
receiver, then these unknowns can be determined using the following 
mathematical relations : 

PI = [ (Usl-Ur) 2 +(Vsl-Vr) 2 +(Wsl-Wr) 2 ] l/2 
P2 = [ (Us2-Ur) 2 +(Vs2-Vr) 2 +(Ws2-Wr) 2 ] I/2 
P3 = [ (Us3-Ur) 2 +(Vs3-Vr) 2 +(Ws3-Wr) 2 ] I/2 

wherein the position coordinates (Usl, Vsl,Usl) , (Us2,Vs2,Us2) and 
(Us3 , Vs3 ,Us3) in the above mathematical expression are encoded in 
the received GPS signals and specify the position of the transmit- 
ting GPS satellite with respect to R R feedtol . 

As taught at pages 205-206 in GPS SATELLITE SURVEYING (1990) 
by A. Leick, published by John Wiley and Sons (ISBN 0-471-81990-5), 
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incorporated herein by reference, it is possible to correct for GPS 
receiver clock errors provided that signals from four GPS satel- 
lites are acquired at each GPS receiver. In such a case, a term "r H 
can be added to provide the following equations: 

PI = [ (Usl-Ur) 2 +(Vsl-Vr) 2 +(Wsl-Wr) 2 +dTr*c] 1/2 

P2 = [ (Us2-Ur) 2 +(Vs2-Vr) 2 +(Ws2-Wr) 2 +dTr*c] l/2 

P3 = [ (Us3-Ur) 2 +(Vs3-Vr) 2 +(Ws3-Wr) 2 +dTr*c] 1/2 

P4 = [ (Us4-Ur) 2 +(Vs4-Vr) 2 +(Ws4-Wr) 2 +dtr*c] ,/2 

wherein the position coordinates (Usl , Vsl, Usl) , (Us2 , Vs2 , Us2) , 
(Us3 ,Vs3,Us3) and (Us4 , Vs4 , Us4 ) in the above mathematical expres- 
sions are encoded in the received GPS signals and specify the posi- 
tion of the transmitting GPS satellite with respect to R R fccdlol . This 
scheme provides a way of achieving improved position resolution. 

There are a number of errors associated with the Stand Alone 
Mode of operation described above. These include errors in the 
satellite atomic clocks, geometric resolution errors, and errors 
associated with the propagation of the carrier signals through the 
atmosphere. All of these errors can be eliminated by operating the 
system in the Differential Mode. In Differential Mode, each GPS 
receiver, in addition to monitoring GPS satellite signals, will 
receive error information transmitted from GPS base station 31 
located at some known position. As shown in Fig. 2A2, the GPS base 
station 31 includes a receiver 86 for monitoring GPS satellite 
signals transmitted from the GPS satellites. In addition, the GPS 




base station includes a computer system 87 which has preprogrammed 
into its memory the precise position at which it is located rela- 
tive to the global feedlot reference system R^^. The function of 
the GPS base station computer 87 is to compare its known position 
(stored in its memory) with its coordinate position computed using 
the GPS satellite signals. The difference (i.e. error) between (i) 
the known GPS base station location and (ii) the calculated GPS 
base station location is used by modem 88 to modulate a carrier 
signal produced from transmitter 89. This transmitted error signal 
is received by the GPS receivers mounted on each feedlot vehicle. 
Using the received error measure, each such GPS receiver adjusts 
(i.e. corrects) in real-time its calculated position, thereby 
overcoming the limitations of the GPS receivers operated in the 
Stand -Alone Mode. 

In many instances, the veterinarian or bunkreader may desire 
to quickly determine information pertaining to a particular animal 
in the feedlot, (e.g., the location of a particular animal within 
a given pen, its temperature at a particular time of the day, 
etc.). As shown in Fig. 2A3, the feedlot management system hereof 
realizes this function by installing a local information acquisi- 
tion subsystem (LIAS) 28i in the feedlot, preferably, at each 
animal pen thereof. The function of each i* LIAS of the illustra- 
tive embodiment is to (i) locally acquire coordinate information 
regarding the position of each "RF-tagged" animal with respect to 
the i* local animal-pen reference system R*^, as well as the body 
temperature of the RF-tagged animal, and (ii) broadcast such 
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information to each VR subsystem associated with the digital data 
communication network by way of feedlot Web server 32A, described 
above. Notably, when the coordinate information regarding the 
position of the RF-tagged animal is received at each VR subsystem, 
such coordinate information is automatically translated to the co- 
ordinate reference frame of the VR subsystem receiving the local 
coordinate information so that the complete VR-based feedlot model 
(including the tagged animal) can be updated. Preferably, the 
temperature information on each tagged animal is used to "color" 
code its corresponding VR animal model maintained in the VR sub- 
systems. As shown in Fig. 2 A3, each LIAS of the illustrative 
embodiment comprises: a plurality of miniature local position 
sensing (LPS) transmitters 90 (in the form of tags), each attach- 
able to the ear or about the neck of each j* animal 91 in the i* 
animal pen, and capable of transmitting an encoded electromagnetic 
signal (e.g. in the RF range) with a transmission range spatially 
encompassing the i* pen; a three LPS signal receivers 92A, 92B and 
92C mounted apart from each other along the i* animal feedbunk, for 
receiving (at different points in space) the signal transmitted 
from the LPS transmitter on each tagged animal in the pen, and 
processing the same in LPS signal processor 93 in order to deter- 
mine the coordinate position (in terms of x,y,z) of each such head 
of cattle with respect to R*^ ; a temperature-sensing RF chip 200, 
implanted in the ear of each such animal, sensing the body-tempera- 
ture of he tagged animal and transmitting a digitally-encoded RF 
carrier signal carrying the sensed body temperature; an RF temp- 



erature-signal receiver 201 mounted along the feedbunk for receiv- 
ing and processing the digitally-encoded RF-carrier signals trans- 
mitted from temperature-sensing RF chips 200; and a wireless digi- 
tal communication subsystem 94, like subsystem 35, for transmitting 
such animal position-coordinate and body-temperature information to 
each VR subsystem in the feedlot computer network by way of feedlot 
Web server 32A. 

In the illustrative embodiment, each RF tag 90 periodically 
produces an encoded RF signal of a particular frequency fj. The RF 
tag includes a battery power supply, an RF transmitter circuit for 
producing an RF signal, and programmable circuitry for digitally 
encoding the transmitted RF signal in a manner well known in the 
RF-tagging art. At each i* animal pen, a local coordinate refer- 
ence system R R ipco is symbolically embedded therein, as shown in Fig. 
2A3. Each LPS receiver receives the RF signal transmitted from each 
j* tagged animal, and using coordinate geometry principles, com- 
putes distance between the transmitting RF tag and the LPS recei- 
ver. Using these three distance measures and the known coordinates 
of the three LPS receivers, the LPS signal processor 93 computes 
the (x,y,z) coordinates of the j m RF tag relative to the local 
coordinate frame R*^. Computed in real-time, this locally 
referenced animal coordinate information is transmitted by sub- 
system 94 to each VR subsystem within the feedlot management system 
by way of the wireless digital communication network 32. At each 
VR subsystem, the coordinate information is used to update the VR 
model of the feedlot in a manner described above. Through coord- 
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inate translation, any feedlot vehicle pulled up to an animal pen, 
can determine exactly where, relative to its local coordinate ref- 
erence frame, any RF tagged animal is within the animal pen, great- 
ly simplifying the location and treatment of the animal. 

In the preferred embodiment, the vehicle operator (e.g. the 
feedlot veterinarian) can automatically ascertain the body temp- 
erature of particular animals in the pen by viewing the animal's 
corresponding VR model maintained aboard the VR subsystem. The 
temperature sensing RF chip 200 implanted within the ear of each 
tagged animal produces a RF carrier signal digitally modulated by 
the sensed body-temperature of the animal. Different frequencies 
or codes can be used with each RF chip 200 to establish cross-talk 
free channels for each tagged animal in a manner known in the prior 
art. The RF temperature signal receiver 201 at each animal pen (or 
otherwise in the feedlot) receives the RF signal from each RF chip 
200 employed in the animal pen (or feedlot), demodulates the same 
to detect the transmitted body-temperature of the tagged animal, 
and then provides this information to digital communication sub- 
system 94 for transmission to a preassigned subsite (i.e. informa- 
tion field) maintained at the feedlot Web server 32A. Functioning 
as a Web or VR browser, each VR subsystem 36 in the feedlot acces- 
ses the updated temperature information from the feedlot Web server 
32A and uses the same to update the VR animal models maintained at 
each VR subsystem in the feedlot management system.. 

As shown in Fig. 2A3, the LIAS at each animal pen may also 
include one or more real-time stereoscopic vision subsystems 300 
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mounted in the feedlot to provide a field of view (i) along the 
length of each feedbunk (for remote bunk reading operations carried 
out at a VR workstation) , as well as (ii) into the animal pen where 
the contained animals are allowed to roam (for remote pen and 
animal inspection carried out at a VR workstation) . Such stereo- 
scopic camera subsystems are commercially available from VRex, Inc. 
of Hawthorne, New York. The digital video output from such stereo- 
scopic cameras can be provided to the digital communication sub- 
system 94 at the animal pen where it is properly packeted and then 
transmitted to the feedlot Web server 32A, for access by any VR 
subsystem (i.e. VR browser) 36 as the Internet-based digital commu- 
nication system of the feedlot computer network. 

As shown in Fig. 2 A3, an information entry/display terminal 
210 is also provided at each animal pen in order to enter informa- 
tion to and display information from the feedlot computer network. 
This terminal 210 is realized as a separate computer subsystem con- 
nected to network 3 2 by way of its digital communication subsystem 
35.. 

In general, the primary function of the stereoscopic image 
display subsystem 74 associated with each VR subsystem is to vis- 
ually display (to the eyes of an operator) high-resolution stereo- 
scopic (or monoscopic) color images of feedlot information files as 
well as any aspect of the continuously updated VR-based feedlot 
model. In the illustrative embodiment, each feedlot vehicle opera- 
tor is provided with two modes of "VR feedlot model navigation", 
which is to be distinguished from the two modes of "real feedlot 
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navigation" provided for navigating the real feedlot vehicle 
through the real feedlot, i.e. manned-navigational mode and un- 
manned-navigational mode. In the first mode of VR feedlot model 
navigation, the global coordinates of the "real" feedlot vehicle 
(at each instant of time) determines the portion of the VR-based 
feedlot model in which the VR-model of the feedlot vehicle is auto- 
matically displayed on the LCD panel within the vehicle during the 
manned-navigation mode of operation, or on the LCD panel of the VR 
workstation during the unmanned navigation mode of operation. In 
the second mode of VR feedlot model navigation, the global coord- 
inates selected by the input device of a feedlot operator (at each 
instant of time) determines the portion of the VR-based feedlot 
model which is automatically displayed on the LCD panel within the 
vehicle, or on the LCD panel of the VR workstation, whichever the 
case may be. 

Typically, each feedlot vehicle operator will have a need to 
view different aspects of the VR-based feedlot model within his VR 
subsystem. For example, the feed delivery vehicle operator may 
desire to view, in real-time, a plain view or rear-end view of the 
VR-based model of his vehicle as he proceeds to navigate it along- 
side a feedbunk during a uniform feed dispensing operation in 
accordance with the present invention. 

By initiating a practice of color-coding particular sections 
of the VR-based model for each feedbunk in the feedlot, it is pos- 
sible to construct a VR feedbunk model which visually indicates (by 
specific colors or textures) those sections of the corresponding 
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feedbunk along which there appears to be abnormal or irregular 
feeding patterns. By comparing the current VR feedbunk model with 
the corresponding "real" feedbunk (in the purview of the bunk- 
reader) , it is possible for the bunkreader to deduce feeding pat- 
terns and trends which might suggest or require corrective measures 
by the veterinarian and/or nutritionist. An advantage of the VR- 
based feedbunk model is that the bunkreader, veterinarian and 
nutritionist can easily and quickly be informed of particular 
conditions in the feedlot by 3-D visualization of information 
gathered on the state and condition of the feedlot. 

Using the stereoscopic image display subsystem 74 of the 
present invention, color images of any aspect of the VR feedlot 
model can be projected from any desired viewing direction selected 
by the vehicle operator during manned as well as unmanned modes of 
vehicle navigation. In general, the viewing direction is specified 
by a set of viewing parameters which, in the illustrative embodi- 
ment, can be produced using any one of a number of commercially 
available 3-D pointing devices which can be readily adopted for 
mounting on the dashboard adjacent the LCD panel and easily (and 
safely) manipulated by the vehicle operator during vehicle oper- 
ation. Using such a pointing device, the vehicle operator can 
easily select the desired aspect of the VR feedlot model to be 
viewed during navigation, and feedlot operations (e.g. feed disp- 
ensing operations) . 

In the illustrative embodiment, the stereoscopic image display 
subsystem 74 is realized by providing each feedlot computer system 
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hereof with subsystem components comprising: a stereoscopic LCD 
panel 95; an associated display processor 96; and VRAM 97 for buf- 
fering stereoscopic pairs to be displayed on LCD panel 95. The 
function of the LCD panel is to display (i) feedlot information 
files or portions thereof, and (ii) 2-D high-resolution color 
images of the VR-based model of the 3-D feedlot so as to support 
stereoscopic 3-D viewing thereof from any desired viewing direction 
in 3-D space. 

A variety of stereoscopic 3-D display techniques and equipment 
for achieving this function are known in the virtual reality sys- 
tems art. The preferred stereoscopic display technique would be 
based on polarization encoding/decoding of spatially-multiplexed 
images (SMIs) produced by combining the left and right perspective 
images of a real or synthetic 3-D object into a single composite 
image (the SMI) . During the image display process, left image 
pixels in each displayed SMI are encoded with a first polarization 
state Pi, whereas the right image pixels in each displayed SMI are 
encoded with a second polarization state P2, orthogonal to PI. 
Such micropolarized SMIs can be produced from an LCD panel with a 
display surface bearing a micropolarization panel well known in the 
stereoscopic 3-D display art. Such LCD panels and required SMI 
generation apparatus are commercially available from VRex, Inc. of 
Hawthorne, New York. When navigating his vehicle alongside a 
feedbunk (during a uniform feed dispensing operation) as shown in 
Fig. 2A1, the driver views polarized-SMIs displayed on the LCD 
panel while wearing a pair of electrically-passive polarizing 
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eyeglasses 98 in a conventional manner. The function of such 
polarizing eyeglasses is to allow the driver's left eye to only 
see the left perspective image component of the displayed SMI, 
while permitting the driver's right eye to only see the right 
perspective image component of the displayed SMI. By this viewing 
process, the driver is capable perceiving feedlot imagery displayed 
on the micropolarizing LCD panel with full 3-D depth sensation. At 
the same time, solar glare transmitted to the interior of the 
vehicle cab is inherently reduced by the passive polarizer eye 
glasses 97 worn by the driver. 

As will become apparent hereinafter, the image display sub- 
system 74 is capable of generating and displaying stereoscopic 
images of the 3-D VR models of the feed delivery vehicle and feed- 
bunk, near which the "real" feed delivery vehicle is physically 
located. With such a driver-display interface, the driver is af- 
forded true 3-D depth perception of the 3-D VR models of each and 
every object in the VR feedlot models (e.g. feedbunks, feed deliv- 
ery chute, etc.) during real-time feed dispensing operations. 

The primary function of the vehicle propulsion subsystem 37 
aboard each feedlot vehicle within the feedlot is to propel the 
feedlot vehicle along a navigational course determined by the nav- 
igational subsystem when operated in its selected navigational 
mode. In the illustrative embodiment, this subsystem is realized 
by an internal combustion engine, coupled to an electronically 
controlled power transmission. Examples of suitable electronic 
power transmissions are described in U.S. Patent No. 5,450,054 and 
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the references cited therein, which are all incorporated herein by 
reference. 

The function of the navigation subsystem 38 is to allow the 
associated feedlot vehicle to be navigated within the feedlot dur- 
ing feedlot operations. In general, the navigation subsystem is 
capable of providing such support in both the manned-navigational 
modes and unmanned-navigational modes of vehicle operation. As 
such, the navigation subsystem includes a manually-operated steer- 
ing system and a foot or hand-operated braking system which enables 
the on-board operator to manually steer the vehicle along a desired 
navigational course throughout the feedlot. The navigational sub- 
system also includes an electronically-controlled steering system 
and an electronically-controlled braking system which enables a 
remotely situated operator, sitting before the associated VR work- 
station (e.g. 20, 21, 23, 27), to remotely steer the corresponding 
vehicle along a desired navigational course throughout the feedlot 
which has been preprogrammed into the VR workstation or improvised 
in real-time by the remote operator. 

The function of the stereoscopic vision subsystem 75 mounted 
aboard each feedlot vehicle, or located at each feedlot building, 
is to capture in real-time both left and right perspective images 
of 3-D objects (or scenery) in the field of view (FOV) thereof. 
Notably, each left and right perspective image detected by this 
subsystem is commonly referred to as a stereoscopic image pair. 
Preferably, the field of view of this subsystem is directed along 
the longitudinal axis of the vehicle in order to permit a remote 
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operator thereof to view 3-D scenery along the navigational course 
which the vehicle is propelled to travel during feedlot operations. 

As shown in Figs. 2B2, 2C1, 2D1 and 2E1, stereoscopic vision 
subsystem 75 aboard each feedlot vehicle can be realized using an 
ultra-compact stereoscopic (3-D) camera system 99 commercially 
available from VRex, Inc. of Hawthorne, New York. As shown in 
these figure drawings, this camera system is mounted upon a rot- 
atable support platform 100 which, in turn, is mounted upon the 
hood of the feed delivery vehicle. The camera support platform is 
remotely controllable from the associated VR workstation to permit 
the remote operator of the vehicle to control the viewing parame- 
ters of the stereoscopic camera (e.g. the direction of the camera 
optical axes, the point of convergence thereof, the focal distance 
of the camera, etc.) during the un-manned modes of operation. 
Using a head and eye tracking subsystem 101 at the VR workstation, 
the remote operator can easily select such stereoscopic camera 
(i.e. viewing) parameters during the unmanned-navigational mode, by 
simply moving his head and eyes relative to the LCD display screen 
of the VR workstation. Such natural head and eye movements of the 
remote operator will change the viewpoint of the images displayed 
on the LCD panel 95 of the workstation, and thus allow the remote 
operator to interact with the VR model of the remotely controlled 
feedlot vehicle under his or her control. 

It is understood that each feedlot vehicle according to the 
present invention may support one or more auxiliary subsystems for 
use in carrying out a particular feedlot function. In particular, 
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each the feed delivery vehicle in the feedlot is also provided with 
uniform feed dispensing subsystem 41 which includes a feed dispens- 
ing chute 105 and associated controllers. The function of this 
auxiliary subsystem is to uniformly dispense assigned feed ration 
along the length of a particular feedbunk in an automatic manner as 
the vehicle is navigated alongside the feedbunk in either the man- 
ned-navigational mode or unmanned-navigational mode of the vehicle. 

In the illustrative embodiment, the uniform feed dispensing 
subsystem is realized by providing the computer system aboard the 
feed delivery vehicle with the following additional subcomponents: 
a data communication port 106 for receiving digital information 
from an on-board truck scale 107 regarding the weight of the feed 
contained within the feed storage compartment 108 on the vehicle ; 
hydraulic valve 109, electronically controlled by control signals 
Shv, for controlling the flow rate of feed ration from the storage 
bin 108 by way of a auger 110 rotatably mounted along the feed dis- 
pensing chute 105; a programmed feed dispensing controller (i.e. 
microprocessor) 111 for producing control signals Shv for control- 
ling the operation of hydraulic valve 109 during feedbunk filling 
operations; and a data communication port 112 for transmitting such 
control signals to the hydraulic valve. The function of the 
scale 107 is to measure the actual amount of feed loaded onto an 
assigned feed delivery vehicle at the feedmill and subseguently 
dispensed into the feedbunks associated with an assigned pen 
sequence. In response to weight measurement, the scale produces an 
electrical signal S! indicative of the total weight of the feed 
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contained within feed load storage compartment 108. Signal S, is 
digitized and provided as input to the computer system aboard the 
feed delivery vehicle. By measuring the weight of the feed within 
storage compartment 108 arid recording these measurements in memory 
of the on-board computer system, the computer system computes the 
actual amount of feed ration either (i) supplied to the feed load 
storage compartment during the feed loading process at the feed- 
mill, or (ii) dispensed therefrom into the feedbunk of any pen in 
the feedlot. Such computations can be implemented in a straight- 
forward manner using programming techniques well known in the art. 

The primary goal of the uniform feed dispensing subsystem 41 
is to ensure that feed is delivered to each feedbunk in a substan- 
tially uniform manner (i.e. equal amount of feed dispensed per lin- 
ear foot travelled by the feed delivery vehicle) . In the preferred 
embodiment, control signals S„v are generated in real-time by the 
computer system aboard feed delivery vehicle using (i) digitized 
signal S, indicative of the total weight of the feed contained with- 
in feed load storage compartment 108, and (ii) digital signal S 2 
indicative of the speed of the vehicle, relative to the Earth. 
Signal S 2 can be generated in one of several possible ways. One way 
is to use the GPS processor 84 to produce digital signal S 2 on the 
basis of the position coordinates of the feed delivery vehicle over 
time. Alternatively, a ground speed radar instrument 114, mounted 
aboard the feed delivery vehicle, can be used to produce an electr- 
ical signal S, which is indicative of the. true ground speed of the 
vehicle. Notwithstanding method used to derive vehicle speed sig- 
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nal S 2 , signals S x and S 2 are sampled by the feed dispensing control- 
ler 111 at a sufficient rate and are utilized by a Uniform Feed 
Dispensing Control Routine (executed within the feed delivery 
vehicle computer system) to produce control signal which is 

provided to the hydraulic valve of uniform feed delivery control 
subsystem 41. In this way, the computer system aboard each feed 
delivery vehicle automatically controls the incremental dispensa- 
tion of feed in a manner such that, for each linear foot traversed 
by the feed delivery vehicle, a substantially constant amount of 
feed ration is dispensed along the total length of the feedbunk, 
independent of the speed of the vehicle. 

As shown in Fig. 1, feed mixing/flow control subsystem 46 at 
the feedmill comprises: feed ration storage bins 10A, 10B and IOC 
for storing feed ration ingredients for dispensing and mixing to- 
gether; an overhead scale 115 for measuring the weight of feed 
rations dispensing therefrom; feed ingredient metering and mixing 
equipment 11: a storage bin 116, and a microingredient dispensing 
system 117 for producing a microingredient slurry for application 
to a prepared batch of feed ration. The function of the storage 
bin 116 is to contain feed ration which has been prepared for load- 
ing onto the feed delivery vehicles and dispensing into particular 
sequences of animal feedbunks in the feedlot. The function of 
scale 115 is to provide an electrical signal indicative of the 
total weight of prepared feed ration contained within the storage 
bin. The electrical signal produced from the scale is digitized 
and provided as input to the feedmill computer system. By measur- 
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ing the weight of the feed within the feed ration storage bin and 
recording these measurements in the feedmill computer system, the 
actual amount of feed ration prepared and loaded onto a particular 
feed delivery vehicle can be computed in a straight forward manner. 
The microingredient dispensing system can be constructed in the 
manner disclosed in U.S. Patent No. 5,487,603, which is incorporat- 
ed herein by reference in its entirety. In a manner known in the 
art, metering and mixing equipment 11 at the feedmill is controlled 
by electrical (and hydraulic) control signals generated by a Feed- 
mill Control Program running within feedmill computer system 18. 
As will be described in greater detail hereinafter, the feedmill 
computer system of the present invention is provided with computer 
programs (i.e. software) for: (i) assigning feed load and pen 
subsequence assignments, as will be described in detail hereinaf- 
ter; and (ii) controlling metering and mixing equipment 11 at the 
feedmill. Suitable feedmill control software is commercially 
available from Lextron, Inc. under the tradename FLOWCON. Feedload 
records subsystem 47 equipped with computer software, is used to 
maintain records in the assigned feed ration loaded into each feed 
delivery vehicle and the subsequence of pens to which such feed are 
to be delivered. 

At the central office, the feedlot manager can supervise all 
aspects of operation within the feedlot management system including 
accounting and billing operations. Such operations are carried out 
using financial accounting/billing computer subsystem 15 interfaced 
with feedlot management computer system 14, as shown in Fig. 2G. 
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Financial accounting/billing subsystem 15 is equipped with conven- 
tional financial accounting software suitable for feedlot account- 
ing and billing operations. Suitable financial software is commer- 
cially available from Turnkey Systems, Inc. under the tradename 
TURNKEY. In an alternative embodiment, the computer software for 
financial accounting/billing operations can be run on the a single 
feedlot management computer system. 

In the veterinary vehicle, the veterinarian is able to access, 
create, modify or otherwise maintain animal health (veterinary) 
records on the health of particular animals in the feedlot. During 
the manned-navigational mode of the veterinary vehicle, the veter- 
inarian navigates his/her vehicle while sitting within the cab 
thereof in a conventional manner. In this mode, the veterinarian 
can use the veterinary records subsystem thereaboard to create. 
Store and access feedlot data files on particular animals for 
review and data entry. Also, the veterinarian can use the VR 
subsystem to determine the body-temperature and location of "tag- 
ged" animals in particular pens at any given moment by simply 
reviewing the updated VR-based feedlot model on the dash-mounted 
LCD panel aboard the veterinary vehicle, or the LCD panel of his VR 
workstation. When the veterinary vehicle pulls up to a particular 
animal pen, the VR-based model of the corresponding animal pen (and 
tagged animal therein) is automatically displayed on the dash- 
mounted LCD panel in the vehicle. From the color-code of each 
tagged animal represented in the VR feedlot model, the veterinarian 
can readily ascertain the body-temperature and precise location of 
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particular cattle in the feedlot, for visual inspection and 
treatment if necessary. 

In the illustrative embodiment, such operations are carried 
out with the assistance of the veterinary records subsystem 43. 
Preferably, subsystem 43 is realized by a computer program having 
a number of different routines for carrying out various data 
processing and transfer operations relating to veterinary health 
care of the cattle in the feedlot. 

In the illustrative embodiment, the nutrition records sub- 
system 45 aboard the nutrition vehicle runs a computer program 
having a number of different routines which carry out various data 
processing and transfer operations relating to the diet and nutr- 
ition of the cattle in the feedlot. The nutritionist can use the 
on-board VR subsystem to ascertain information useful to the diag- 
nosis and treatment of nutritionally-deficient animals in the feed- 
lot. 

In Fig. 2B2, the n* feed delivery vehicle of the present 
invention is shown operated in its manned-navigational mode, in 
which the operator thereof navigates the vehicle while sitting 
within the cab of the vehicle. While operating his vehicle, he is 
able to view dashboard-mounted color LCD panel 95, upon which a 3-D 
VR model of his vehicle (within the feedlot) is automatically disp- 
layed and viewed stereographically by the driver wearing polarizing 
glasses 98. The function of the VR subsystem of this vehicle emb- 
odiment is to provide visual assistance to a human operator aboard 
the vehicle while he (manually, or semi-manually) navigates the 
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feed delivery vehicle through the feedlot during feed dispensing 
operations, feed loading operations and the like. Using the VR 
subsystem of this embodiment, the human operator is able to view on 
the LCD panel, a dynamically updated VR model of the feed delivery 
vehicle (his is navigating) in spatial relation to (i) the feedbunk 
being uniformly filled during uniform feed dispensing operations, 
(ii) in spatial relation to the feedmill filling chute during feed 
loading operations, and (iii) in spatial relation to any feedlot 
structure during an operation involving th feedlot delivery veh- 
icle. In Fig, 2B2', the n* feed delivery vehicle is shown operated 
in its unmanned-navigational mode, in which the operator thereof 
navigates the vehicle while sitting before the remotely-located VR- 
navigation workstation 27 (associated with the vehicle) . 

The VR workstation 27 associated with each feed delivery 
vehicle allows a human operator to remotely navigate a feed del- 
ivery vehicle through the feedlot during feed loading and feed 
dispensing operations, while sitting before the VR workstation, 
rather than within the feed delivery vehicle. The advantage pro- 
vided by this embodiment of the VR subsystem is that a remote human 
operator, sitting at the VR workstation in the feedmill, can remot- 
ely navigate the feed delivery vehicle through the feedlot (in 
either an automatic or semi-automatic manner) during feed dispens- 
ing operations, feed loading operations as well any other operation 
in the feedlot. 

During remote management of feed (loading) and dispensing 
operations, the human operator can view from the LCD panel 95 of VR 
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workstation 27, stereoscopic images of a dynamically updated 3-D VR 
model of the feed delivery vehicle shown in spatial relation to the 
feedbunk being uniformly filled during feed dispensing operations. 
Optionally, using split-screen image display techniques, stereo- 
scopic 3-D images of feedlot scenery captured within the field of 
view of the stereoscopic vision subsystem 75 (aboard the vehicle) 
can be displayed on the LCD panel of the VR workstation in the 
feedmill. In this mode, captured images of real objects about the 
feed delivery vehicle are displayed on the LCD panel of the work- 
station and can be used by the remote operator to avoid vehicular 
collision therewith as the feed delivery is propelled by the prop- 
ulsion subsystem 37 along the pre-plotted navigational course 
programmed with the navigational subsystem 38. Alternatively, the 
stereoscopic vision subsystem 75 and the navigational subsystem 38 
can cooperate to automatically avoid collision with objects along 
the pre-plotted navigational course using collision avoidance 
techniques well known in the robotic control arts. In either mode 
of operation, the advantage provided by this novel arrangement is 
that the remote operator can use the VR subsystem to: (i) remotely 
position the end of the feed dispensing chute with the end point 
(i.e. beginning) of the feedbunk to be filled during the beginning 
of each feedbunk filling operation; as well as (ii) remotely main- 
tain the end of the feed dispensing chute over the centerline of 
feedbunk during dispensing operations. 

In Fig. 2C1, the feedbunk reading vehicle of the present inv- 
ention is shown operated in its manned-navigational mode, in which 
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the bunkreader navigates the vehicle while sitting within the cab 
of the vehicle. In Fig. 2C2 , the feed delivery vehicle is shown 
operated in its unmanned-navigational mode, in which the bunkreader 
thereof navigates the vehicle (and remotely reads the feedbunks) 
while sitting before the remotely-located VR-navigation workstation 
23 (associated with the vehicle) . 

In Fig. 2D1, the veterinary vehicle of the present invention 
is shown operated in its manned-navigational mode, in which the 
veterinarian navigates the vehicle while sitting within the cab of 
the vehicle. In Fig. 2D2, the veterinary vehicle is shown operated 
in its unmanned-navigational mode, in which the veterinarian there- 
of navigates the vehicle (and remotely examines animals in pens for 
signs of sickness) while sitting before the remotely-located_VR- 
navigation workstation 20 (associated with the vehicle) . 

In Fig. 2E1, the nutrition vehicle of the present invention is 
shown operated in its manned-navigational mode, in which the nutri- 
tionist navigates the vehicle while sitting within the cab of the 
vehicle. 

In Fig. 2E2, the nutrition vehicle is shown operated in its 
unmanned-navigational mode, in which the nutritionist thereof navi- 
gates the vehicle (and remotely examines animals in pens for maln- 
utrition) while sitting before the remotely-located VR-navigation 
workstation 20 (associated with the vehicle) . 

While not shown, the feedlot management vehicle of the present 
invention can be operated in its manned-navigational mode, in which 
the feedlot manager navigates the vehicle while sitting within the 
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cab of the vehicle. In Fig. 2G1 the feedlot manager vehicle is 
shown operated in its unmanned-navigational mode, in which the 
feedlot manager thereof navigates the vehicle (and remotely insp- 
ects the feedlot) while sitting before the remotely-located work- 
station 25 (associated with the vehicle). In Fig. 2F1, the feed- 
mill operator is shown before VR workstation 2 6 while carrying out 
his function in the feedmill. 

In the manned-navigational mode shown in Fig. 2B1, the vehicle 
operator (i.e. the feedbunk reader) sits within the cab of the 
vehicle. During feedbunk reading operations, the feedbunk reader 
can use the VR subsystem aboard his vehicle in a number of ways. 

For example, the bunkreader can readily determine the posit- 
ion, orientation and state of each feed delivery vehicle in the 
feedlot by viewing the VR model of the feedlot on the dash-board 
mounted LCD panel within the cab of the feedbunk reading vehicle, 
shown in Fig. 2B2. The continuously updated 3-D VR model of such 
feed delivery vehicles can be viewed from any viewing direction 
selected by the feedbunk reader. The position and state information 
can be displayed in various formats depending on the needs and 
desires of the feedbunk reader. 

From time to time, the feedlot nutritionist may decide to 
change or modify either the types of feed ration (and/or the in- 
gredients contained therein) which are fed to the cattle in the 
feedlot. When such a decision has been made, a Feed Ration Change 
File is created within the feedlot nutrition computer system by the 
nutritionist, and is then transmitted to the feedlot management 
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computer system over the wireless telecommunication link estab- 
lished by digital communications network 32. When such a transmis- 
sion arrives at the feedlot management computer system, a "file 
received" indication will be preferably displayed on the display 
screen thereof to cue the feedlot manager to update the Feed Ration 
Master File using data contained in the received Feed Ration Change 
File. Preferably the updating process occurs at the beginning of 
each new day, but may also occur at any time during the day as 
required. When all files have been updated, the feedlot management 
computer system then transmits a copy of the Pen Master File, the 
Ration Master File, the Feed Ration Consumption History File and 
the Cattle Movement History File to the feedbunk reading computer 
system, as indicated at Block B in Fig. 14A. Shortly thereafter, 
the feedlot management computer system transmits a copy of the Pen 
Master File, the Ration Master File, and the Feed Ration Consump- 
tion History File to the feedlot veterinary computer system, as 
indicated at Block C in Fig. 14. 

While the preferred embodiments of the system and method of 
the present invention have been described in detail, it will be 
appreciated that numerous variations and modifications of the 
present invention will occur to persons skilled in the art. All 
such variations and modifications shall constitute the present 
invention as defined by scope and spirit of the appended claims. 
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